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There are various supply voltages and supply frequency conditions in different 
countries across the world. Hence compressors are designed to work in specified supply 
conditions. Some compressor motors are designed to work in dual frequency ratings for the 
same or similar voltage ratings so that it becomes a common compressor/motor for some 
countries.  
 
This paper dwells upon how a common motor can be used for different voltage ratings 
and different frequency ratings for refrigeration-reciprocating compressor. 
 
 
This type of common compressor for different voltage and frequency ratings helps in 







PTCR  : Positive Temperature Coefficient Resistor. 
PTCS-CR :  PTCR Start Capacitor Run Motor. 
MWP – 1 :  Main Winding Pole – Serial No: 1. 
MWP – 2 :  Main Winding Pole – Serial No: 2. 
AWP – 1 :  Auxiliary Winding Pole – Serial No: 1. 
AWP – 2 :  Auxiliary Winding Pole – Serial No: 2. 
OLP  :  Overload Protector for compressor. 









Normally the compressors are designed for particular supply voltage and frequency 
conditions, depending on which they are marketed in the areas where those supply conditions 
are existing. Say a compressor is designed for 115 Volts – 60 Hz power supply condition 
then it can be marketed in areas where the voltage is 115 Volts – 60 Hz only. If for some 




We have developed a compressor, which will work from 90 Volts to 260 Volts and at 
both 50 and 60 Hz frequencies. Therefore this compressor can be used in different power 
supply conditions like 115 Volts – 60 Hz, 110 Volts – 50 Hz, 127 Volts – 60 Hz, 220 Volts – 
50 Hz & 220 Volts – 60 Hz. The only change is that the accessories like OLP, EM Relay or 
PTCR and Capacitor will be different depending on the supply voltage.  
 
 
The compressors made with required modifications to work for different power supply 
conditions were tested on calorimeter and also on refrigerator. A “Logical Pole Connection 
Circuit” switch is provided to change the connections of compressor motor, which will select 
the terminals for which power supply to be given based on the input supply conditions. This 
eliminates manual errors, which may result in supplying high voltage to low voltage 






We have considered a 450 Btu/Hr rated at 220 Volts – 50 Hz compressor for our 




Compressor motor is redesigned to work in the range of 140 to 260 Volts in case of 220 
Volts connection and 90 to 140 Volts in case of 110 Volts connection. Motors are wound 
with five terminals 3 from main winding, one common terminal having one each from main 
and auxiliary winding and one terminal for auxiliary winding connection.  
 
 
The three terminals of main winding are for connecting the main winding in series and 
parallel according to the power input. The motor main winding poles are connected in 
parallel for 90 to 140 Volts and in series for 140 to 260 Volts. 
 
 
The pole connections for 140 to 260 Volts i.e., series poles is shown in Diagram-1 and 
the pole connections for 90 to 140 Volts i.e., parallel poles is shown in Diagram-2. The 
“Logical Pole Connection Circuit” switches the power supply to the respective terminals as 
per above circuit diagrams.  
 
 
Compressor assembled with this motor is tested on calorimeter with series and parallel 
poles at 220 & 110 Volts respectively at 50 & 60Hz.   
 
 
 Refrigerator is tested for performance at different voltages ranging from 90 to 260 






This compressor is tested on calorimeter for cooling capacity and other parameters as 
per ASHRAE conditions, and the observations of cooling capacity at both 220 Volts and 110 
Volts for same frequency are within the acceptable limits. The winding temperatures are 
within the limits of <120°C. The summary of test results is given below and the detailed test 
results are enclosed in Table –1. 
 
Voltage  : 220 V     110 V        220 V  110 V 
Frequency  :   50 Hz       50 Hz          60 Hz    60 Hz 
Cooling Capacity : 457. 9 Btu/Hr   442.79 Btu/Hr     531.91 Btu/Hr     526.17 Btu/Hr 
Winding Temperature :   94.71°C      98.63 °C             96.27 °C  101.65°C 
 
 
The compressor is fitted in a 165 Liters direct cool refrigerator where this model 
compressor is normally used. The refrigerator is tested for pull down performance, 
startability at low voltage and the winding temperatures at minimum and maximum voltages. 
The observations are that the refrigerator pull down performance is satisfactory at 220 Volts 
& 110 Volts – 50 & 60 Hz. The winding temperatures on refrigerator from 90 Volts to 260 
Volts are within the limits of <120°C. The summary of test results is given below and the 
detailed test results are enclosed in Table –2.  
 
Voltage  : 220 V     110 V        220 V  110 V 
Frequency  :   50 Hz       50 Hz          60 Hz    60 Hz 
Pull down time :   94 Min     109 Min          89 Min    92 Min  
Winding Temperature :  101.4 °C      98.5 °C              100 °C    81.8 °C 




The starting accessories used for 220 Volts – 50 & 60 Hz testing are 15 Ohms PTCR + 
5 mfd Run Capacitor + OLP with 6 Amps short time characteristics, where as the starting 
accessories used for 110 Volts – 50 & 60 Hz testing are 5 Ohms PTCR + 40 mfd Start 






The refrigerator test results of compressor with series poles for 140 to 260 Volts range 
and parallel poles for 90 to 140 Volts range at both 50 & 60 Hz frequency are satisfactory. 
 
 
Therefore it is inferred that with certain design modifications like  
! New design of motor,  
! Two extra connecting terminals from motor,  
! Two extra pins on hermetic terminals,  
! Logical Circuit Selector switch  
! And different accessories for the different supply conditions  
 
 
A common Universal Compressor can be made available for different supply conditions 
across the globe.  
 
 
However the accessories for each voltage range has to be made available along with the 
compressor depending upon the supply conditions at the place of utilization. 
 
 
The universal compressor can also work in the tropical countries where the voltage 
variations are wide from 100 Volts to 260 Volts and still deliver the output with limited 
variations. 
 
The development of a 5 Pin hermetic terminal and cluster assembly is under progress 
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CALORIMETER TEST RESULTS 
 
 
PARAMETER UNIT TEST-1 TEST-2 TEST-3 TEST-4 
Voltage Volts 220 220 110 110 
Frequency Hertz 50 60 50 60 
Ambient Temperature °C 31.65 32.2 32.05 31.4 
Evaporator Pressure Bar 1.144 1.142 1.144 1.159 
Condenser Pressure Bar 14.71 14.69 14.718 14.718 
Subcooled Liquid Temp °C 32.3 32.1 32.3 32.325 
Return Gas Temp °C 31.89 31.7 32.28 31.845 
Cooling  Capacity Btu/Hr 457.89 531.91 442.79 526.17 
Power Input Watt 118.55 124.0 121.62 134 
Current Amps 0.63 0.55 1.59 1.41 
Discharge Gas Temp °C 74.01 79.95 75.48 80.82 
Shell Temperature °C 67.29 71.38 67.1 70.35 
Winding Temperature °C 94.71 96.27 98.63 101.65 
Winding Connection  SERIES SERIES PARALLEL PARALLEL 
 























REFRIGERATOR TEST RESULTS 
 
 
PARAMETER UNITS 50 HZ 60 HZ REMARKS 
Voltage Volts 220 220 SERIES WDG 
Ambient Temp °C 43 43  
Pull Down Time Min 94 89 Less than 180 Min 
Winding Temp °C 101.4 100 Less than 120° C 
Low Voltage Run Volts 140 140  
Winding Temp °C 95.3 103.2 Less than 120° C 
High Voltage Run Volts 260 260  
Winding Temp °C 118 109.1 Less than 120° C 
Voltage Volts 110 110 PARALLEL WDG 
Ambient Temp °C 43 43  
Pull Down Time Min 109 92 Less than 180 Min 
Winding Temp °C 98.5 81.8 Less than 120° C 
Low Voltage Run Volts 90 90  
Winding Temp °C 110.83 81.8 Less than 120° C 
High Voltage Run Volts 140 140  
Winding Temp °C 113.9 87.8 Less than 120° C 
 
* Pull down time is the time taken for refrigerator to reach 7°C from 43°C. 
 










































CONNECTION FOR PARALLEL POLES - 110V 
